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SUMMARY. 

A new sample foam insert for the Protec helmet was impact tested along with a 
standard insert to determine differences in impact protection. This testing was 
performed to ascertain the suitability of the new protective insert in the role of freefall 
parachute helmet. The testing showed that the performance of the new insert was 
better than the standard insert, but did not meet the standards set prior to testing. 

BACKGROUND. 

1. There is a continuing requirement for a protective helmet for Freefall 
Parachuting within the Canadian Forces. The impact protection of candidate helmets to 
be used in the freefall parachute role has been identified as a major concern. As such, 
the Defence and Civil Institute of Environmental Medicine (DCIEM) was tasked by 
Director Land Requirements (DLR) to perform impact testing on a new foam liner insert 
for the candidate helmet (Protec). This testing was to be performed as a continuation of 
the previous work (Ref A). 

AIM. 

2. The aim of this project was to measure and analyse the impact performance of a 
new foam insert for the Protec helmet. Comparison to the original foam insert was to be 
made, along with performance relative to the standards described below. 



IMPACT TESTING STANDARDS. 

3. Two standards were to be used in this testing to analyze the performance of the 
candidate helmet. One was the European Airborne Sport Helmet Standard (Ref B - 
enclosed in Annex A). This standard requires the helmet to be tested with a 90 Joule (J) 
impact on each of the crown, front, back and both sides. The other standard was the 
Soldier's Helmet Parachute Impact Standard (Ref C), and required 90 J impact on the 
crown, and 65 J on the front, back and both sides. The pass /fail criterion for both 
standards was a maximum of 250 G peak headform acceleration, measured as a result 
of impact on any of the five impact points. The two standards were selected since there 
is no standard for freefall helmets, and it was felt that they would provide a reasonable 
standard for an analysis. The aim of the project was to test first using the Soldier's 
Helmet standard, and if the helmet was performing adequately the intention was then 
to proceed with the European Standard at a later date. 

IMPACT TESTING PROTOCOL. 

4. The impact testing was performed on April 2,1998 at the Canadian Standards 
Association (CSA) facility in Rexdale, Ontario. The testing protocol was exactly the 
same as the previous testing (Ref A). All testing was conducted by Mr. Henry Tran, a 
technician at CSA who specialises in impact testing. 

RESULTS. 

5. As with previous testing, only the ambient temperature condition was tested. 
This was due to the fact that only two samples (one of each foam insert type) were 
available for testing. The results for the two samples are summarized in Table 1 below, 
and a copy of the raw data sheets are located in Annex B. The peak accelerations listed 
as 500+ were beyond the capability of the impact system to measure. All three impact 
runs for the standard insert produced peak accelerations greater than 500 G. Because 
there was a concern that the excessively high peak acceleration values might damage 
the testing equipment, the testing of the standard insert was halted after only those 
three individual impact runs. The special insert was tested on all five impact areas, with 
only the crown exceeding 500 G peak headform acceleration. The mean peak headform 
acceleration for the helmet with special insert was in excess of 356 G. 



Table 1: Results of impact testing at ambient condition 

Sample 

Protec 
Standard 

Insert 
Protec 
Special 
Insert 

Mass 
(kg) 

0.411 

0.519 

Headform Used 
Crown 

ISO 'J'              500+ 

ISO 'J'              500+ 

Peak Acceleration (G) 
Front        Left        Right       Back 

500+ ^RaR 500+ 

223          412          305          340 

Grey areas indicate impact areas that were not tested 

DISCUSSION. 

6. The results indicate that the Protec helmet with the special insert does not meet 
either of the two standards proposed in the condition tested. The new foam does 
perform better than the original foam, but greater performance is still required. At this 
time it is not possible to endorse the use of the Protec helmet with the new liner in roles 
that require attenuation of impacts is the range of 65 to 90 Joules. 

CONCLUSIONS. 

7. The results of the testing show that even the Protec helmet with the new liner 
does not provide the required levels of protection in terms of either of the two 
proposed standards. 

RECOMMENDATIONS. 

8. The following recommendations are offered for the continued development of 
the Freefall Parachuting Helmet: 

a. The CSA testing technician (Mr. Henry Tran) suggested the use of EPP 
(expanded polypropylene) or EPS (expanded polystyrene) foam for the 
helmet liner. Using his extensive helmet testing experience, he felt that 
these types of foams would be more appropriate for the impact 
attenuation required. 

b. Further to the above, the liner is composed of three individual segments 
which do not fully surround the head. A moulded single-piece liner (EPP 
and EPS would be a solid, moulded liner as opposed to the current 
flexible liner) would ensure that the entire head is surrounded by foam 
padding, and that the maximum surface area for impact attenuation is 
available. This kind of complete coverage could lead to thermal comfort 
issues, and so should be thoroughly tested with users. 



c.        Testing at both low and high temperatures is necessary to ensure that the 
impact attenuation of the helmet is not compromised by changes in 
environmental conditions. 

9.        DCIEM would be prepared to assist in testing further improvements to the 
Protec helmet, or selection of an alternate helmet that meets the required impact 
protection standards. 
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EUROPEAN STANOARD 

NORME EUROPEENNE 

EUROPÄISCHE NORM 

UDC 

Descriptors 

.-hig*rr ftsa^aot'teZ 

U t\ r* I I 

pr£N 966 

peraber 199Z 

English version 

Airborne sports helmets 

Casques poor sports aeritns Luftsoorthelme 

This draft European Standard Is submitted to the CEN members for CEN enquiry. 
It has been drawn up by Technical Committee CEN/TC 15B. 

If this draft becomes a Europ«an Standard, CEN members are bound to comply with 
the CEN/CENELEC Internal Regulations which stipulate the conditions for giving 
this European Standard the status of a national standard without any alteration. 

This draft European Standard was established by CEN in three official versions 
(English. French. German). A version in any other language made by translation 
under the responsibility of a CEN member into its own language and notified 
to the Central Secretariat has the same status as the official versions. 

CEN members are the national standards bodies of Austria, Belgium, Oenmark. 
Finland, France, Germany, Greece. Iceland, Ireland. Italy, Luxembourg, 
Netherlands, Norway, Portugal. Spain, Sweden, Switzerland and United Kingdom. 

CEN 

European Committee for Standardization 
Comite Europeen de Normalisation 
Europäisches Komitee für Normung 

Central Secretariat: rue de Stassart 36. B-1050 Brussels 

c CEN 1992 Copyright reserved to all CEN members 

Ref. No. pr£N 966:1992 E 
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Contents 

foreword 

1 Scape 

I    Hwtmretice* 

1    Definitions 

1 Materials 

t   Construction 

S Performance requireaen« 

1   Teat» 

a Marking 

9 ;nforo.st1en for users 

Annex A Positioning of the helaet on the haadfora 

Annex 6 Test area 

Annex C Field of vision 

This European Standard has bean prepared under the direction of the Technical Coaaittee CSV./TC TSS 
»Protective helaets-. It specifies requireaents for helaets used in airborne sports activities. 

The various helaets for airborne sports ere indicated in this European Standard aa folio«i 

. - Category HPU: Helaets for parsgliding end hang gliding 

- Category PCi Helaets for parachuting 

• category UL» Helaets for flying with ultra-light aeroplanes 

The requireaents «over alt categories. Special requireaents are contained in «le relevant clause». 

The protection given by a helaet depends on the eireuastanees of the accident and waaring a helaat cannot 
always prevent death or long tent disability. 

A proportion of the energy of an iaoact is absorb«* by the helaat, thereby reducing the force of the bio« 
sustained by the heed. The structure of the helaet aay be daaaged in absorbing this energy and any helaet 
that sustains a severe blow needs to ba replaced even if daaaga is not apparent. 

To achieve the perforaance of «Men it is capable, and to ensure stability on the head, a helaet should be 
as closely fitting a« possibla consistent with coafoit. In use it is essential that the helaat is securely 
fastened, with any «hin strap under tension at all tines. _-» 

A-2/20 
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1    SCOP* „, ._« ithods toe helM" ««>» <» paraflUdtn«.  h»"9 91'- 

- -?s=,rsi,SÄ'3Ks: SäT- 
Ma«« a«d the corraapond ng ^ ^^ ^ ^ ^^ 

. aMtructtan i«ciud<n« eh<« «trap, fattening de^ees. 

t(on; 

- panatrat*on resistance; 

. «hock aaaorbing properties: 

- ratention syst»« proportion 

. marking end infor»ot<on far user*. 

t   „or-tiv. reference» , pr<wUio«s fro. otSar publications   Thes. 

Tiita Europe Standard incorporate. PV «^^Jftta^TtClex? and *• Publications ere list« har.- 
»^aatiCTrefarences are eited at the «PP"*r*,.*Lp£e!! revisions of any of «MM publication« apply to 

^L^WtfÄÄ ref.rr- to appli- 
. _*.!«** In iaoect test» - Instrumentation 

CSO «MttlMT   «oad «rttotaa - Maasure-ent t«shn<«ue* *» i-pe« 

„ NP« eye-P~t.e*or, - Vl*". *«• Ml— for -«.1. -» J> 

„.'... Headfor.. «or o-a U «•- te-ti«, •« protective h.X-a« 

3   Definition» 

Fo, the purpose of .Ms standard «* I»"-** *•««-» W,y' 

,.,   „motive neleet ^^ 
Heiaet pri-rily «»««Jed to protect the —rer>» M* •«•<«" *■*•«. so- 
protection; 

J.J   «ha« 

mrt.1 that proved« the general outer *•*« •* «* h,1Mt: 

J.J   Helaet typa 

Cataoor, of helaet. -nie« 00 not -«far to -* •—*•' ~»«~" - 

. the trade nee. or Park. end „„„-.ive oaddino. 

*. „..rial, or di-nsien* of the -11. - «- «~"- «*"~ " * ~ *"*" ^        4 

satis«'« th. rewira-eAts of this standard. 

•)   in court* of preparation 

A-3/20 
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1.4 redding. 

J.4.1 Protective padding 

Kitcriel used to absorb iepaet ertergy; 

].4.2 Coafort padding 

Liner aatorial provided for the »oarer's eowfort; 

J.4.3 Siting padding 

Liner aeterlel «ad for adjuateent of the helaet «it«: 

3.5 Retention lystea 

Complete »aseably by eeans of «h-ich the hel-et i« «einteined in position on the head, including any aeviet« 
for adjustment of th« systea or to enhance tha wearer's eoafort; 

3.C Chin-strep 

»art of tha retention systea consisting of a «trap that passes under the «oarer's jew to Imp the helaet in 

positienj 

3.7 Basic plane of the RUBS» head 

Plane at the level of the external ear opening (external auditory aeatus) end the lower edga of tha eye 

sockets (orbitsJi 

3.B Basic plane of a headfora 

Plane relative to the headfora that corresponds to the basic plane of the huaan heedi 

3.9 Reference plane 

eonatruetion plane parallel to the basio plane of the headfora at a distance froa it MMeh is a function of 
the site of the headfora; 

3.10 Test area 

are* o* the headfora in «difeh iepact teats aey be conducted -Men corresponds to the oiniaue protected ire» 

of the huean head. 

3.11 Chin-cup 

fastening device of the cnin-strap that fits round the point of the wearer's chin. 

3.« Visor 

Transparent protective screen extending over the eyes and covering part of tha face. 

3.13 Goggles 

Transparent protectors that enclose the eyes. 

A-4/20 
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4 Materials 

For the*, («rt« of the helaet cosing into contact «ith in. »km the pet.riel u»d shell Be *AOH« «« to un- 
derdo appreciable alteration from contact with sweat or other substance* likely to be found in toiletries. 
«.«rial, shall MtMUM4 which «re known to cause skin disorders, including cold injur,.« due to then..! 

conductivity. 

5 Construction 

S.t (taneral 

The helmet nomally consists of * «he». either «ontsining or providing the KMMtiry •«•n» of «osorbing !•- 
poet energy, «nd either fitted with or providing means for retaining the heteet on the heed In *n  accident. 

The helmet should neve good durability and withstand nermel handling. 

The helmet snail M SO designed and Shaped that pert« of It N««or. rivets. ventilators, edges, fastening 
device and the like) do Mt Injure the user 1n norms! use. 

Ho accessories «ay be fitted to or incorporated In the airborne sports helmets unless it is designed in «ucr. 
a w>v that it will not eaose injury Md that, when It is fitted to or Incorporated in the protective heWt. 
the helaet still ceapliea with the requirements of «his standard. 

The construction of helaets category K should take into account the risk that the line» of the parachutes 
sight M captured by the helmet Kith the retention system and its aeoessorles. 

M0T£ - Helmets should > 

- nave low weight 

• be easy to put on and take off 

• be usable together with spectacles 

- net significantly Interfera with the ability of the user ro receive acoustic ambient informations 
(not valid for helmets category UUJ 

S.2 Retention system 

S.a.1 «enerel 

Means snail be provided for retaining the helmet on the wearer's head. All parts of the retention system 
Shall be securely attached te the system or to the helmet. 

».2.2 Chin straps 

Any chin strap Shall be not less than 15 mm wide. 

Chin Straps say be fitted with means of enhancing comfort for the wearer. 

If the chin strap includes a chin cup all the teats shall performed with the chin cup. 

5.2.3 fastening devices 

Any chin strap shell be fitted with a device to adjust and maintain tension in the strap. The device «nould 
be caoaola of adjustment so it does not eoae on the Jaw bone. 

A-5/20 
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5.3 Finish 

o  ~.~« .hall be »oath »ltd rounded. There shell be no r-igid projections en the inside of  «h« h,1«,t.  »ny 

eilertTproleltton^ell ^«—^^» -~«"* '•"^ r0 the MjW,nt "rf,Ce- 

5.4 Field of vision 

When tested to «cord«« «4th 7.4 there Shall be 00 occuLtion in «he field .» vision »ound.d by («. 

annex C, figures C.l. C.2 and C.3): 
, .., .. , «„,„ ..—i.-i i« relation to the »edien longitudinal w«r- 

;^1
BuS"rr,iÄS,j- Sä A'srS".™ ^. *. M,ic .«»«.** * »... -«. tieel plane or «00 nemororp ana »""""""",* „_.„. _»>,(MBlan« of th» headfere jnd th» vortical 

is th« straight line L K. 

- upwards, a dih^r.1 «,!• «Mil»* by th. raf.ranc. ^^«-^^tT^e»«.^^^!«9 " ,n91' 
of ~t to* then IV  in th» case of bel-ets category HFO and PC and 7 *n th. Ml * ""»■«« 
category UL with th» reference plan« «nd •*«• «dB« *» straight line I,. L2. th. points l, end lj  r.- 
pr««.nting th. eyes. 

- do-««-*, . «.Mr.. «,1. defin«, by the wjrt»pte tf •*- h»«£ - - Mj«• *»~ta» an angle 
of «ot less than 41* with th. besie plan* and whoa« edge is th« etralght I"«« «1 *2 

5.5 Head aobility 

At th. r»r. th. rig« part« end. ir. particular, th. shell shall not be witMn » cylinder defi-d « teller 
dec annex B. figure t.t) 

- Oiaacter 100 aa 

- Axis. aitwted at tb. int.rsc«t<o» of th. a~Hu. plan, of .y—try of th. headfor. and of . plan, pa- 
rallel to and tlO aa below tht refereftea plan« 

s.i lya protection 

It shall M pessibl« that 

- iwlMti category HPO and »C ear» be used together with goggles 

- he...« etagory m. «* b. <*»d tagatl-r with goggle*, except if ^laet^W o^ipp* with . 
visor according to a» ... "Personal, aye protectors, viacra for helaets for vehicle uaers 

S Perforeanee regulreeents 

s.i Oeneral 

Af ,.r th. perfor«anc of one of th. preserlt-d tests,  th. airborne sports helwet shall not «Mbit, any 
breakage or deforest4en danger««* to th« wearer. 

t.Z    lepeet absorbing capacity within the tast area 

The hel-et snail give protection to th. «er's for.head. b«* of the h.»d.  twl« and crown of the h.»d. 

t.2.1    Shock abeorping eapaeity 

Wh« t.st«i ^cording to cl.ose 7.2.3 th. p..k acceleration shall not. for each i«o«ct    l^™*'"^' 
^vilent velocity« a drop height of 1500 - after conditioning in eccord.no« with a«y of th. procedure, 
described in 7.2.2. 

1.2.2    Resistance to penetration 

«nan t.stl «cording to'clause 7.2.4. th. head of th. «-*,•*•""•« =roroSd«r«'d.*c"E*r"
Ur*C' ™' 

ticilly.  to the headfon«, aft.r conditioning in accordance with any of the procedure* oeserioec »n 

clause 7.2.2. 

A-6/20 
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4.3    «.tention »y*te« perfer»»«:« 

,3.t    Retention »yst«a itreno,*" 
,    .,    , « <    .*. *>nMie extension shall not exceed 35 — and «he re*idu»l 

noraal operation of the rel««»e »y»te». 

«_ to the retention *»«- ~" * -— "•"" «" «* ~ "*—" '" "" 

other eontfitwtion» to the extension, ovt w» 
reduireeant. 

6.3.Z    Retention »y»te» effeetivenea« 
Jk— i- e 9 • too talaet. saleeted to 6« of appropriate »iie. shall not 

When tntk 6y the procedure eescrita« «n I.J.t the hei-t. se.ee 

cone off tna hctdfora. 

„t.r the t..t - an,l. l^^-jp-. «- •«— - - ~ « - ^ - ~ """"" 
pltna of the headfor* «hall not exceed 30 . 

6.J.3   Release of the retention «yete« 

The retention «y»te« stall op««» »rith «* 
shall not exceed 90 N. 

hMd «tan 4t »• I««« »'«• * ,a"d •' S0 "•• ™ ,0,,C* ,0r °Pen'nfl 

«OTEi It.i« reeee-ande* ttat tta opening ■***>**■ ■* 
MTkad with red or orano* eoleur. 

T   Test» 

1.1   Sequence end nuatar of saaples to be 

Tot«! nuaoer suharttted per heleet typet 11 

of «•!.. reared ■* oerfo«-»*. r^ireeent ere ««*•» «» «M. i. 

Tarn« 1. sequence «nd «wtaf of i»ap1«s 

Ktfteer 

•wrferaance test 
saquenee of tost Niaber of ««aples tested 

Retention syste» effectiveness let * 

logaet absorbing capacity 2nd IS 

Resistance to penetration Jrd 1 

Retention syste» sträng«» 4th 1 

■^. ^ 

A-7/20 
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7.7    OeteraiiWtion of fapaet »osorelng capacity 

7.1.1 Test ■»"•• 

The t«t ar»a is defined by the »re» above the HIM AA-C-F («* «""*» «' *<vur* ••',* **"*  th«J
h«,"«t 1»  „ 

^«0«*." deserlb- to «M« A. Th. test «ro is subdivided into five *on«: front, t-o «id... crew« and 

rear. 

,„ ePONB tone «hall he that pert of th» h»adfor» and Iwlaet «DO«« • horizontal plane through a point on th. 
ce^tr»rC^t^c.J as1s 10 »I Delo« the top of th» neadfor.. Th. other « MM cover  th« rest of  th. t..t ar« 
■» follow*' 

Th. front »one is defined as that subtended by an wgl« of W pT»«d sy.eetric.lly »bout the pl.ne of *y- 
•etry of the heedfor« and »«»lured fro» the central vertical a*ia. 

The rear »one is defined as that subtsnded by an angle Of »0* placed syeaietHeally about th. plane of *y*.c- 
try of the headfor» »ftd »e»«ured fro« the central vertical axis. 

Two side tone« »h»n consist of the reaaintag two »cottons dowft to within V)  «■ of the AA-CF piano. 

7.2.2 Conditioning 

7.2.2.1 High taooeratur» conditioning 

The heleet «he.lt be expo»»* to « te-peratur« of ♦ SO t * -C for not less than * hour* and not »or» than 
C hours. 

7.2.2.2 lo*-te»per»ture conditioning 

The heUots »hall be exposed t» a «eeiefitur» of - 20 * 2 «C for not 1«*» than «hour« »Ad not «or. th»n 

• hours. 

7.2.2.3 tntr»viol»tt-rad1at1oi» conditioning and aoistur* conditioning 

Th» outer surface of the »Irborn» sport» halaat shell be eapoaed alternately to. 

- ultraviolet irradiation by » 12S H »anon-filled quart* leap for at h at • r»nge of 250 a- 

- »praying for « to • h nit» watair at «*«e«t temperature »t the rat« of 1 1 per ainute 

7.2.» Chock absorption test 

7.2.9.1 Apparatus 

7.2.Sil.t Oesorlptlon 

The test apparatus Shall eoaprlse: 

• An anvil rigidly fixed to » base 

• A free fall guidance svstaa 

- A «obit» *y*te« supporting th« helaeted neadfors _. 

- * aetal headfor» fitted «1th • tridir»ctioA»1 aceeleroeeter and a »eMuring asseably 

- « systee by which the point of i«p»et e»n M brought Into correspondence »1th the centre of the 
anvil. 

A suttaole apparatus i( shown in figure 1. 
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7.1.3.»-* S.S« 
The »ase .«»n be eonoUthie .nd .ad. of ««1 or concrete or , co-Dination of «MM -.wrt.li «no have » 

■a*, of «t least SO» *«• 
„o part of the base or anvil «h.« hav. a resonance frequency MH to af f~t «« -.,urc.«.*,. 

7.2.3.4.S Anvil« 

A flat »teel anvil ».wing a circular iapaet faca o* «0 a> s 3 as diaaeter. 

ii <.~.<i .i.„i.^M a kerbstone), steel anvil having two face» raking an angle of 10S*. "«n 

ÄTS Ä- S» Y E • « tiVSSSS'A«** -«one a striKing •«*"«*• «««» •' 
lr-To!S aTrCheioJit snall bo not tats «ht. »0 - •»< *• '•"«<» •" 1w «h•,, ,,s -• 

T. 1.3.1.« no*ne systeo and guides 

_    -,    ._ ..^MWtk. h.*dfnra. shall be such-that it« characteristics do not affect tha aaaiur«- 
^^' !«!!~,!"P^^^^^rl,S; o^^-d*«.- tt ,h.U .1«. be s«h that any point in the 

ent of acceleration at the centra of gravity of the 
AA-C-« can be positioned vertically above the centra of the anvil. 

The guide, «.all be auch that the iae*ct v.*»it» ta not lea. than »s * of the th.or.tic.1 velocity. 

7.1.3.1.»   Aeeeleroettsr and •assuring ««stably 

The tridirection.1 socl.r,*.«r ««11 b« «««It of —suring «* recording acceleration, up to «tfo g. it. 
asxiaua aaas stall be SO g. 

The MO-ortng syst-, including the drop asaeaftly. shell have a frequency r«spone. in acoordano. «ith chan- 
nel frequency class (CM) 1000 of ISO *U7. 

The aeasuring «y««" «*»" "*lu0> equip-ant to record the velocity of the h-adfora. 

T.2.J.I.«    MMdfOPBS 

The headforas to be used shall coaply with Bf .. 
quency below 3000 KJ.   . 

The general ohereeteriatiee of the «eat headforas 1 

and be aado of a aetal having a la 

o be used shall be as folio«»« 

resonance fre- 

Code latter 

Inside «iroiaafarano« 
of helset 

aa 

Mass 

»a 

A 500 Kl t 0.10 

E HO 4.1 1 0,12 

J $n 4,7 t 0.U 

H «OS —S.S 1 0,1f 

0 «20 4.1 t 0,1« 

The heedfor« .hall contain, «ear its cent 
re of gravity, a housing for a tridiractional eeceleroaeter. 

x._ >/ 
*     <i- 

V 
I-      -2-,1- 

i   b i 

A-9/20 
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7.2.3.Z procedure 

The teitlng Halt at  carried out according to tab»« 2. 

Table 2 - Tasting paraaaters 

Saaple 
nuabe'r 

Helaet Size Conditioning Anvil 

tKllMt Of the 
size range of 
tli* helaet typ« 

«ich teao Kemstone 
NO recondition)«« flat 
H1ah teao Flat 
NQ recondltionina Xert» tone 

K^rClton« 
No reconditioning Flat 
LOH tea« •lat 
No rtcondltionina Kerbstone 
UV * eaisture Kerbstone 
w ♦ «oieture ■lat 

Largest of the 
six« range of 
the halaat typ« 

Hloh teas Kerbstone 
No recondltionina Flat 
H1dh teao Flat 
Ko reconditioning Kerbstone 
ton teao Kerbstone 
Ho recondltionina Flat 
low teae Flat 
Ms reconditioning Kerbs to,»> 

to UV ♦ eolstur* Kerbstone 
UV ♦ aoHtur« Flat 

The hetaet shall be lapacted in xenas that shall b* selected by the testing authority to represent the 
•worst case" conditions and the kerbstone anvil shall be used without any restrictions on Its orientation. 

lach helaet of each size Shall be iapaoted 1A t*o different tones and each lane shall be iapacted once «ith 
each anvil. 

The laeset sites on the tana saaple shall be separated by a distance of ainiaua ISO am. 

The velocity of the headfora shall be equivalent to • drop height of ItOO «•*(«». 

The velocity of the headfora shall be eaesurad at a distance not exceeding U M prior to lapact. to an 
accuracy of i 1 *. 

7.2.4 Penetration resistance test 

1.2.4.1 Apparatus 

7.2.4.1.1 Description 

The test apparatus shall coaprisei 

• A test headfora rigidly fixed to a base 

• A aetal punch and drop haaaer _~ 

• A inertia-free aeasuring device 

A-10/20 
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7.J.4.1.2    >»«• 
TM base .Mil M -«»«tM« »nd «de of ata.1 or concr.t. or . ct-blnatlo« Of th«. aat.rl.l, and have a 

■•*«. of »t lint $00 kg. 

Ho part Of the MM-«- »v»l rt.11 «v. . roonwee fr«u.ocy Mh to affect the .e.s«rc~ntS. 

7.2.«.1.3    »Iflid "«»dforB 

The Mod*», to M «,«. rt-n M "cording to «nw 0 «d .Mil be rigidly «ou««* I- » -M1..1 pwl.lan 

on tM MM- 

7,2.4.1.4   Mt«t punch and drop hiwr 

The testing davle« shall Mve the fo11o«1«ifl dwiettr^tfe». 

- Has» of punch ' »•» k« * w « 

- Angi. of con. forming punc" "•»d     ' B0*  * 1* 

- udius of rounded top of punch head   i 0,S ■■ 

- Ha« of drop hea«.r ' ' *«  * » 9 

- Might of fall aMSurrt Mtw#a» top faea 
of puneh and lower faea of drop ha—or    » 1 »      »'■ 

T.2.J.1.S   Inartla-fre. «Msurlng devle. 

tost twtMaon tM haad of tho punch 91»$ th» Modfor». 

7.2.4.1 

Th. airborne »port, Ml«, «.tl M ^ft^'LTftStS^.A*^ C^^-t™?'»™ 
taetio« at 1—t TS - distant fro. ^*^^°il'£L'% £"St^aoorttoryTflav. th. 1«ut satisfactory 
undergo th. proems of conditioning which in tho opinion of «M toat WWIBFT. « 
result* In th. laoact absorption Mat. 

Th. Mi-.* «.n t. p,—. -ith jn *f«*-»j«-2 ^M;hr^^f^^.n;h\^:.rAt-:«»?UH 
plan. tangential » «•*•"t'thf^^irDTplLiTvirtlctllyV£cTtM ah." - th. point lifted 

«Dich th« point panetratad Uto th. »Mil shall b. awasurwl. 

7.3   *»t«ntion «y«te« testing 

7.J.7   ootenainatlon of retention systaa strwgth 

1.3.1.1    Apparat!« _^ 

7.3. T. 1.1    Description 

Th* tMt apparatus shall eonpHMi 

- Means to hold th. helnet with haadfom and lo*ls 

- A Madfon. equip»« -1th . lo.d~,ri«g *vtat «prising a guld. and arrest device an, a drop «..«»t 

• A «.«Hiring device 

A suitable apparatus is Www« <" figure 2. 

A-ll/20 
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7.3.1.1.2 H« I Mt support 

A steel plate fitted with • Belt end shaped after the headfora. See figure 3. 

7.3.1.1.3 Headforas *nd loedbearing device 

The headfonr» to be used »hall Comply vlth Ed .... 

The loedbearing device with the guide end arrest device shell Be aligned with the vertical axis passing 
through tM centre of gravity of the headfora. 

The «us of the headfora equipped with the loadbearing device shall be IS kg t 0,5 kg, which shall Be (he 
preloading on the retention system for determinating the position froa which the vertical displacement of 
the point of application of the force shall be aaasured. The guide and arrest device shall allow a weight 
with a aass of 10 Kg l 0.1 kg to drop in • guided tree  fall 900 aa x S aa. 

7.3.1.1.4 Measuring device 

A device to Mature the vertical displacement of the point of application of the force. 

7.3.1.2 Procedure 

■or each type of helmet take two helaets of each aixa that have just undergone the shock aesorbtlon test. 
one of which aust have been UV-conditioned, the other sample determined by the testing authority. 

Position the helaet as prescribed in annex A. 

In this position the helaet shall be held by the shell by Mam of the helaet support at a point tnversed 
by the vertical axis passing through the centre of gravity of the headfora. 

Release the drop weight and alle« it to drop froa a height of 300 aa * f M. 

During the test Masure the dynamia displacement of the point of application of the force. 

After two ainutes Masure- the residual displaeeaent of the point of application of the force. 

T.3.3 Determination of retention systea effectiveness 

The helMt shall be fitted to the appropriate headfcra which should be the aaallest elaiaed for that helaet 
type. 

A device (the total aass being 3.0 kg t 0.1 kg) to release a falling weight la hooked onto the rear pert of 
the shall in the median vertical plane of the helaet, as «howa. in figure 4. 

The falling weight, the am of which shall be to kg * 0,01 kg. i« tnea released and drops in a guided fro« 
fall froa a height of 25© * 10 aa. The guiding devices shall be such as «censure that the impact speed 1s 
not less than si * of the theoretical speed. 

7.4 Determination ef field of vision 

To carry out the test, the testing authority shall »elect the size it considers likely to yield the least 
favourable result for the helMt type. — 

Position the tielwet on » headfora corresponding to its xixe by the procedure prescribed In annex A. 

Cheek the field of vision according to annex C, 

20SP10K1J 
((K/2.F/Xl/tMl/0) 
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7.5    T.«t <^POpt 

y» t..t ^1 -« -«.« « U-t th. «W-H *—««- 

0, WM of th. t«f «eordl«, to 7.2. t.3 «d 1.* 

e) d.t« of t««ttng 

d) n«a« of the taatiog authority 

8 ***** k  _. ,ta. tM follo-in, ««for-tia« U —«y *«*'• * th« W«r 5nd 

- th« nu*«r of thia Europ*»« «tandard: 

- th* naa. «*■ tradaaark of' tl« aanuf»cturarj 

- th« d«««anation of th. «odtlj 

authority by • aamaua •* * •«* > .    , 

.„.*.—. — <~ — — V*•*"- '"-*" 
 „^ gurttr of aanufaatufa - yMr »no wwrwi- w «A-^MIW affeet«* by eontaet artth 

hydrocarbon«. e1«a»ii»fl fl«Ho«. paint», trans««-» 
appreprtat« warning. 

,   xnfor-tion for «« ^ «--» «f MH «ho»M b. f-mW-d •• 

follows i 

. th.t th. bate-« ~M * -i«*** » «t t». «a» ^ 

. n« th. ^ —«^-j^r-rTÄ^s^Ä^ ~—of - ^ placed so «a to prot«et th« for.i*aa «no »* 

. that a hal-t «ubjacted to vlolant lap-« «bill * dtee»r*d 

ultra-Hoht a«rep1ai>«H) ^ 
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— 8 

1 elictroMfl'xrcte droppor 

I Guide csoies 

1 Hoadfora support dolly 

i Oolly damper« 

S Anv<l 

( plat« ugMt 

T StMl b4Sft (»t Hut MM kg] 

« «i*ie«r il«b (M then) 

riour. 1i rrlnelpi« for («sting .shock »MortUng w»c<ty 
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01aens1wn In iltuntr«. 

• ) 0«v1at4ofi from henlfor» proMlft» 

Mgura 3 s Halaat support 
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Ol««n»-iont  in lillintr« 

(OS 

. . 7 *ft«r t«*Hng 

j' Pun«. . w •> ■*«*» ""• '" he,-t 

■»4 ri>§|- b) R«f«r«ne« pUn« 

t Drop Might, MM 10 kg 

A-17/20 
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Anna A 

Positioning of th. tatet on th« heodfor» 

,    Th. MIM Is ploocd on . hMdtor» of opproprl.t. s1». A lo-d of 50 N  (« .ppU.d on ttaero-n of th. 
J.ll£ S Star to 3». th. tatet on ttataodfor..  It is «e.rt.in«i that the v.rtac.1 ~d,.n pl.n. of 
th« tatet eotncltas with tta vortical mntun pH« of tta taidforn. 

,   Th. front edg. of  tta tatet 1» plocd .«»lost . M« angl. fl»««- to eh«k tta -Iniou. .ngl. for th. up- 
Hird flold of vision. 

Th« etack th.t tta f^irwots for th. .<Mw <to»«.rd aiigl. and tta horizontal «old Of vision »r. O- 

tuflad. 

3   Tta front edg. of tta tatet <• pte.d .«atet a T» «git Mug*. In «M» position tta folteing ltes ar. 
driMit on tta tatet tta 11: 

- * horizontal Uta it ttMr'tevl of the refarane. plan« o* tta taadfora 

- tta tast araa Halts »* def ted By tta Uta M<-* 

- tta five »ntt (front, wo sides, erown and rear) as daserltad In 7.1.1. 

A-18/20 
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OiMm-iom-in aiUiM(*rs 

0<MM^OM  it* ««"*"« 

mtdfera 

Coda' 
1«tt»r 

Sin 

Insldt cireiMTorone« 
of helaet 

K y AC 

A 
C 
E 

a 
j 
X 

M 
0 

soo 
$20 
MO 

MO 
rrs 
5B0 

•    «00 
620 

24 
25 
2» 

27 
27,5 
28 

29 
30 

89.1 
93 
9« 

9« 
102.« 
104 

101 
110 

«0 
•2 
84 

as 
17 
a« 

90 
92 

•I Front ion« 
b| Crown zone 
c) Sid* XOM 
d) IU«r zon« 

el R*f«r«nc« plan« 
f) Ink pi*»* 
g) central vortical **1» 

Figur« B.I: 0«f<n<tiOfl 0*  «St »ro» 
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Annex C 

Meld Of vision 

All   linear diaefliionc 
in atllineters 

¥£>„ 

h—f) 

a) Angle: JS* nin in the eaaa of categoric* H*G and PC and 7* min in  the ease of categoric UL 
ft) *ront 
c) Section of headfbrm in longitudinal vertical plane 
d) Reference plane 
t)  Kasic plane 
f)  Central verrical  axis 

8) Section of heedfor« In reference pla 
hi Sack 
1) Longitudinal vertical aedlen plane 
k) Central  tr»n*ver»e vertical plane 

Figure C.1« Peripheral vision 
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ACCELERATION  vs   TIME 

510 

Sample #: #5 (NORMAL INSERT) 

Model: PROTEC 

Impact Site;  CRC3WN 

Impact  Energy     90  J 

Drop Height?  1.69 M 

*"vi i:  STEEL FLAT 

Headform:  ISO *J' 

Conditioning Temp,:  23c 

iV|/\jrt/^^ 

18 21 24 27 

'"WVW? 

30 

Impact Velocity    5.40 m/s 

Peak Acceleration:  500.7 g 

Area:    0.761  gs 

Time to peak:    2.68 ms 

Pulse width:    3.ao ms 

■•'■C-!- 3530-8 Cbetween    9.7 ms and 10.4 ms) 

Time above 150g:    0.9 ms 

Time above ?nncf    0.8 ms 

DATE:  04-02-1998 
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ACCELERATION  VS   TIME 

510 

459 

408 

357 

306 

Acceleration 

(g)    255 

204 

153 

102 

51 

0 

-51 

•A/V-' -vV\A/S/'v* 

24 27 30 

Sample #: #5 (NORMAL INSERT) 

Model; PROTEC 

Impact Site: FRONT 

Impact Energy: 65 J 

Drop Height: 1.22 M 

AnviI: STEEL FLAT 

Headform: ISO *J' 

Conditioning Temp.: 23C 

Impact Velocity: 4.87 m/s 

Peak Acceleration: 500.6 g 

Area: 0.813 gs 

Time to peak: 4.02 ms 

Pulse width: 5.06 ms 

H.I.C.: 3332.1 (between 10.9 ms and 11.6 ms) 

Time above 150g: 1.3 ms 

Time above 200g: 1.0 ms 

DATE: 04-02-1998 
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ACCELERATION VS TIME 

510 :  

459 ;  

408 \  

357 

306 

Acceleration 

(9)    255 

V^'-^r 1 \^;j-- 

15 

Time (ms) 

24. 27 3G 

Sample #: #5 (NORMAL INSERT) 

Model: PROTEC 

Impact Site; REAR 

Impact Energy: 65 J 

Drop Height: 1.22 M 

AnviI: STEELFLAT 

Headform: ISO 'J' 

Conditioning Temp.: 223C 

Impact Velocity: 4.89 m/s 

Peak Acceleration: 500.6 g 

Area: 0.810 gs 

Time to peak: 3.01 ms 

Pulse width: 4.03 ms 

H.l.C: 4155.1 (between 9.3 ms and 10.2 ms) 

Time above 150g: 1.1 ms 

Time above 200g: 1.0 ms 

DATE: 04-02-1998 
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ACCELERATION VS   TIME 

510 

459 

408 

357 

306 

Acceleration 

(9)    255 

204 

153 

102 

51 

0 

-51 

...IAA^^^^CSAA* ■K^flj^wrv-s^ 

18 21 24 27 30 

Sample #: #2 (SPECIAL INSERT) 

Model: PROTEC 

Impact Site: CROWN 

Impact Energy: 90 J 

Drop Height: 1.66 M 

AnviI: STEELFLAT 

Headform: ISO "J" 

Conditioning Temp.: 23C 

Impact Velocity: 5.63 m/s 

Peak Acceleration: 500.5 g 

Area: 0.825 gs 

Time to peak: 3.09 ms 

Pulse width: 3.93 rns 

H.I.C.: 3558.2 (between    9.2 ms and 10.1 ms) 

Time above 150g:    1.4 ms 

Time above 200g:    1.2 ms 

DATE:  04-02-1998 
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ACCELERATION VS TIME 

230 

207 

184 

161 

138 

deceleration 

(g)   115 

l200g; 

...^/^....^W^^^y^V-^^ 

18 21 24 

C^A,-'~v—^.■■aji-* 

27 30 

Sample #: #2 (SPECIAL INSERT) 

Model: PROTEC 

Intact Site: FRONT 

Tnyaet Energy: 65 J 

Drop Height: 1.2 M 

AnviI: STEEL FLAT 

Headform: ISO "J1 

Conditioning Temp.: 23C 

Impact Velocity: 4.88 m/s 

Peak Acceleration: 222.7 g 

Area: 0.699 gs 

Time to peak: 5.57 ms 

Pulse width: 11.90 ms 

H.I.C: 702.7 (between 9.8 ms and 12.6 ms) 

Time above 150g: 1.2 ms- 

Time above 200g: 0.5 ms 

DATE: 04-02-1998 
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ACCELERATION VS TIME 

350 :  

315 \  

280 |  

245 \  

210 ;  

iceleration 

(g)    175 

140 I  

105 |  

70 \  

35 i  

0 ;_  

-35  

KA^^A^^^S.^^ 
V 'VV\F 

12 15 

Time (ms) 

18 21 24 27 30 

Sample #: #2 (SPECIAL INSERT) 

Model: PROTEC 

Impact Site: REAR 

Impact Energy: 65 J 

Drop Height: 1.2 H 

AnviI: STEEL FLAT 

Headform: ISO "J1 

Conditioning Temo.: 23C 

Impact Velocity: 4.86 m/s 

Peak Acceleration: 340.2 g 

Area: 0.755 gs 

Time to peak: 4.02 ms 

Pulse width: 9.57 ms 

H.I.C.: 1546.2 (between 9.1 ms and 10.6 ms) 

Time above 150g:  1.5 ms 

Time above 200g:  1.0 ms 

DATE: 04-02-1998 
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ACCELERATION VS TIME 

420 

378 

336 ; ; j i. 

294 ; i ; j ;.. 
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Acceleration 
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42 : ] ! ]  
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Sample #: #2 (SPECIAL INSERT) 

Model: PROTEC 

Impact Site: LEFT SIDE 

Impact Energy: 65 J 

Drop Height: 1.2 M 

AnviI: STEEL FLAT 

Headform: ISO "J" 

Conditioning Temp.: 23C 

Impact Velocity: 4.83 m/s 

Peak Acceleration: 412.4 g 

Area: 0.735 gs 

Time to peak: 4.67 ms 

Pulse width: 8.53 ms 

H.I.C.: 1750.7 (between 10.3 ms and 11.5 ms) 

Time above 150g: 1.3 ms 

Time above 200g: 1.0 ms 

DATE: 04-02-1998 
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ACCELERATION VS   TIME 

310 

279 

248 

217 

186 

Acceleration 

(g)    155 

124 
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31 
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-31 

200g 

••; ts%- 

\r-.- 
v/nv^^^v^j^ 

12 15 
Time (ms) 

18 21 24 27 30 

Sample #: #2 (SPECIAL INSERT) 

Model: PROTEC 

Impact Site: RIGHT SIDE 

Impact Energy: 65 J 

Drop Height: 1.2 M 

AnviI: STEEL FLAT 

Headform: ISO 'J' 

Conditioning Temp.: 23C 

Impact Velocity: 4.83 m/s 

Peak Acceleration: 304.7 g 

Area: 0.713 gs 

Time to peak: 4.68 ms 

Pulse width: 8.99 ms 

H.I.C.: 1252.5 (between 10.2 ms and 11.6 ms) 

Time above 150g: 1.3 ms 

Time above 200g: 1.0 ms 

DATE: 04-02-1998 

B-10/10 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF FORM 

(Highest classification of Title, Abstract, Keywords) 

DOCUMENT CONTROL DATA 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall document is classified) 

1. ORIGINATOR (the name and address of the organization preparing the document. 
Organizations for whom the document was prepared, e.g., Establishment sponsoring a 
contractor's report, or tasking agency, are entered in section 12.) 

Defence & Civil Institute of Environmental Medicine 

2. DOCUMENT SECURITY CLASSIFICATION 
(overall security classification of the document 
including special warning terms if applicable) 

Unclassified 

3. DOCUMENT TITLE (the complete document title as indicated on the title page. Its classification should be indicated be the appropriate 
abbreviation (S,C,R or U) in parentheses after the title.) 

Results of Continued Freefall Helmet Impact Studies 

4. DESCRIPTIVE NOTES (the category of the document, e.g., technical report, technical note or memorandum. If appropriate, enter the type of 
report, e.g. interim, progress, summary, annual or final. Give the inclusive dates when a specific reporting period is covered.) 

Technical Memorandum 

5. AUTHOR(S) (Last name, first name, middle initial. If military, show rank, e.g. Burns, Maj. Frank E.) 

Adam, 2Lt J. 

6. DOCUMENT DATE (month and year of 
publication of document) 

06 April 1998 

7.a. NO. OF PAGES (total containing information. 
Include Annexes, Appendices, etc.) 

34 

7.b. NO. OFREFS. (total cited in 
document) 

3 

8.a. PROJECT OR GRANT NO. (if appropriate, the applicable 
research and development project or grant number under which the 
document was written. Please specify whether project or grant) 

2AA15 

9.a. ORIGINATOR'S DOCUMENT NUMBER (the official document 
number by which the document is identified by the originating activity. 
This number must be unique to this document.) 

DCIEM>io- <?8'Tries'5" 

8.b. CONTRACT NO. (if appropriate, the applicable number under 
which the document was written) 

9.b. OTHER DOCUMENT NO.(S) (any other numbers which may be 
assigned this document either by the originator or by the sponsor.) 

D 

10. DOCUMENT AVAILABILITY (any limitation on further dissemination of the document, other than those imposed by security 
classification) 

Unlimited distribution 
Distribution limited to defence departments and defence contractors; further distribution only as approved 
Distribution limited to defence departments and Canadian defence contractors; further distribution only as approved 
Distribution limited to government departments and agencies; further distribution only as approved 
Distribution limited to defence departments; further distribution only as approved 
Other  

n. n. 

11. ANNOUNCEMENT AVAILABILITY (any limitation to the bibliographic announcement of this document. This will normally correspond to 
the Document Availability (10.) However, where further distribution (beyond the audience specified in 10) is possible, a wider announcement 
audience may be selected.) 
Unlimited 

12. SPONSORING ACTIVITY (the name of the department project office or laboratory sponsoring the research and development. Include the 
address.) 
Director Land Requirements 
National Defence Headquarters 
Ottawa Canada, Kl A 0K2 

DSIS DCD03 
HFD 09/94 

UNCLASSIFIED 

SECURITY CLASSIFICATION OF FORM 
(Highest classification of Title, Abstract, Keywords) 



UNCLASSIFIED 

SECURITY CLASSIFICATION OF FORM 
(Highest classification of Title, Abstract, Keywords) 

13. ABSTRACT ( a brief and factual summary of the document. It may also appear elsewhere in the body of the document itself. It is highly 
desirable that the abstract of classified documents be unclassified. Each paragraph of the abstract shall begin with an indication of the security 
classification of the information in the paragraph (unless the document itself is unclassified) represented as (S), (C), (R), or (U). It is not necessary 
to include here abstracts in both official languages unless the text is bilingual). 

A new sample foam insert for the Protec helmet was impact tested along with a standard insert to determine differences in impact 
protection. This testing was performed to ascertain the suitability of the new protective insert in the role of freefall parachute 
helmet. The testing showed that the performance of the new insert was better than the standard insert, but did not meet the 
standards set prior to testing. 

14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (technically meaningful terms or short phrases that characterize a document and could be 
helpful in cataloguing the document. They should be selected so that no security classification is required. Identifiers, such as equipment model 
designation, trade name, military project code name, geographic location may also be included. If possible, keywords should be selected from a 
published thesaurus, e.g. Thesaurus of Engineering and Scientific Terms (TEST) and that thesaurus identified. If it is not possible to select 
indexing terms which are Unclassified, the classification of each should be indicated as with the title.) 

Impact testing 
Helmet 
Freefall 
Parachute 

DSIS DCD03 
HFD 07/94 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF FORM 

(Highest classification of Title, Abstract, Keywords) 


